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Enzyme 
Gene family size 

Zea mays 
GenBank ID 

Oryza sativa 
Gramene ID 

Sorghum bicolor 
Phytozome ID 

DXS1 AY946271 LOC_Os05g33840 Sb09g020140 

DXS2 AY946270 LOC_Os07g09190 Sb02g005380 

DXS3 DR967452 LOC_Os06g05100 Sb10g002960 

DXR AJ297566 LOC_Os01g01710 Sb03g008650 

HDS AY562489 LOC_Os02g39160 Sb04g025290 

HDR DR789385 LOC_OS03g52170 Sb01g009140 

IPPI1 AF330034 LOC_Os07g36190 Sb02g035700 

IPPI2 DN215017 LOC_Os05g34180 Sb09g020370 

IPPI3 CO530856 NA NA 

GGPPS1 EF417573 LOC_Os07g39270 Sb02g037510 

GGPPS2 EF417574 NA NA 

GGPPS3 EF417575 LOC_Os01g14630 Sb03g009380 

PSY1 AY324431 LOC_Os06g51290 Sb10g031020 

PSY2 AY325302 LOC_Os12g43130 Sb08g022310 

PSY3 DQ372936 LOC_Os09g38320 Sb02g032370 

PDS L39266 LOC_Os03g08570 Sb06g030030 

ZDS AF047490 LOC_Os07g10490 Sb02g006100 

CRTISO1 DR812825 LOC_Os11g36440 Sb05g022240 

CRTISO2 AC183901 NA NA 

LCYB AY206862 LOC_Os02g09750 Sb04g006120 

LCYE EB674039 LOCOs01g39960 Sb03g026020 

ZEP1 DR820114 LOC_Os04g37619 Sb06g018220 

ZEP2 CO532283 NA NA 

 

 

 

Table S1. Gene family sizes in three species of the Poaceae.  Enzymes highlighted in blue or 

red are encoded by a maize gene family member showing positive or negative correlation, 

respectively, between transcripts and total carotenoid content in maize endosperm. Accession 

numbers are obtained as stated: Zea mays, GenBank; Oryza sativa, Gramene; Sorghum bicolor, 

Phytozome 

 

 

 

 

 

 

 
 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=61656096
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=61656094
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=71769515
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33340597
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=60348044
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=50335730
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=642623
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=4105562
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=71431775
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27728514
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=93281775
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Table S2. Primers used in the study 

Gene Primer 

No. 

Sequence Gen Bank 

Acc # 

DXS1 1206 CAGAACAGGGAGGCTCTTG AY946271 

  1207 GCGACACTTTCATCCAAAGA   

DXS2 1212 GCTGAACTACTTCCAGAAGCG AY946270 

1213 CTGCAGGAACGACGAGTAGA   

DXS3 1194 CTGTGCCAGCAGCATAGTTT DR967452 

1195 TTCGACCGTCAAGTAGACCA   

DXR 1164 TCCAATGTCACGCTTCTAGC AJ297566 

  1165 TGGCGAGCAACTTCTATGAC   

HDS 1176 CAGTCCAGGGTAGGAAGGAA AY562489 

  1177 TAGGGCTACCGTAGGAGCAA   

HDR 1218 GCCCAACTCGTTACATCCTT DR789385 

  1219 TGAGATCAAGCGTCAGGAAA   

IPPI1 1159A TGAGCTTATCCAGGAGAACTA AF330034 

1163A ATGGTGCCTTGTAAAGCATT   

IPPI2 1333 TCAGGCTGGTGGTGGACAACTT DN215017 

1335 TGATGGCTAAAACAAAGGCA   

IPPI3 1333 TCAGGCTGGTGGTGGACAACTT CO530856 

1334 AGCACCAAACAGCAGGACAA   

GGPPS1 1475 CGGAGGAGTTGCTCTCTGAT EF417573 

1476 AGTCACAACAGGTCCGACAA   

GGPPS2 1477 CAGAGAAGTTGGTCTCTGAC EF417574 

  1478 AGATCGACAGTGAGCAAGAA   

GGPPS3 1426 ATCCATGTGCACAAGACTGC EF417575 

 1427 CACGTCCAGAACGTCGTC  

PSY1 505 CATCTTCAAAGGGGTCGTCA AY324431 

 254 CAGGATCTGCCTGTACAACA  

PSY2 503 TCACCCATCTCGACTCTGCTA AY325302 

 676 GATGTGATCTACGGATGGTTCAT  

PSY3 996 GCCAGAGCCTTCTTCAGGCAGG DQ372936 

 997 GTCTTCGGAACGTAGGCCCTC  

PDS 933 GAAATCATCGATGCAACTATGGAA L39266 

934 CTTCGATAGGTGACCTTTGGA   

ZDS 281 GTGTGGTAAAGATCGGACAA AF047490 

917 AGAGAGTTGCTCCTTCCAT   

CrtISO1 1325 GGTTGTCAAATGGGAAGGAG DR812825 

1326 GAATGATGGTGCCTTGACAT   

LCYB 1095 CATCGTAAGGTTCCTCGACA AY206862 

1096 ATGCCGAAGCAGAAGAACTC   

LCYE 1037 TTT ACG TGC AAA TGC AGT CAA EB674039 

1038 TGA CTC TGA AGC TAG AGA AAG   

ZEP1 1664 TTGGTGGCAACAGCTCAAAA DR820114 

  1665 CCTTCACTTGTTGCGATGAG   

ZEP2 1400 TTGGTGGCAATAGCTCAAAG CO532283 

  1401 GCTTCACTTGTTGCGAAGAG   

Actin 1134 CGATTGAGCATGGCATTGTCA J01238 

1135 CCCACTAGCGTACAACGAA   

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=61656096
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=61656094
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=71769515
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33340597
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=60348044
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=50335730
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=642623
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=4105562
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=71431775
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27728514
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=93281775
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=168403
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Relative transcript levels of DXS3, DXR, HDR, GGPPS1, PSY1, CrtISO1 in diverse maize lines 

20 DAP 

inbred DXS3 DXR HDR GGPPS1 PSY1 CrtISO1 

A619 1.37 (0.12) 7.02 (0.97) 2.89 (0.42) 6.52 (1.26) 2.69 (0.52) 0.86 (0.01) 

B73 2.03 (0.21) 11.14 (3.86) 4.89 (0.64) 2.73 (0.83) 1.53 (0.05) 1.88 (0.08) 

B37 3.59 (0.44) 7.47 (0.85) 3.17 (0.86) 12.05 (1.05) 3.74 (0.52) 0.7 (0.03) 

CI7 1.80 (0.60) 3.32 (0.93) 3.58 (0.37) 6.98 (2.00) 1.71 (0.11) 0.41 (0.08) 

C131A 5.14 (0.34) 3.21 (0.35) 2.47 (0.69) 0.81 (0.12) 2.15 (0.49) 2.8 (0.35) 

DE3 4.16 (0.19) 8.23 (0.46) 4.26 (0.65) 2.18 (0.48) 3.04 (0.06) 0.42 (0.04) 

KUI2007 4.80 (0.14) 20.93 (4.59) 3.39 (0.69) 4.86 (0.43) 3.65 (0.17) 0.21 (0.02) 

NC300 2.55 (0.53) 4.26 (0.59) 2.9 (0.94) 2.51 (0.52) 1.01 (0.31) 2.08 (0.54) 

SD44 6.43 (0.38) 10.96 (2.53) 4.36 (0.63) 5.15 (0.40) 1.98 (0.35) 1.77 (0.30) 

TZI18 4.51 (0.18) 3.56 (0.37) 2.84 (0.43) 4.38 (0.52) 4.47 (0.96) 0.25 (0.05) 

25 DAP 

inbred DXS3 DXR HDR GGPPS1 PSY1 CrtISO1 

A619 6.56 (0.21) 19.43 (0.95) 4.42 (0.72) 2.69 (0.46) 9.88  (1.76) 1.02 (0.34) 

B73 4.79 (0.19) 14.87 (0.88) 6.84 (0.19) 5.76 (0.41) 1.15 (0.25) 3.87 (0.88) 

B37 5.43 (0.66) 7.57 (1.33) 13.11 (1.81) 7.55 (1.08) 16.21 (0.29) 1.01 (0.29) 

CI7 2.73 (0.21) 4.58 (0.46) 10.62 (1.88) 6.81 (1.40) 1.52 (0.42) 0.93 (0.27) 

C131A 4.51 (0.28) 3.49 (0.11) 4.52 (0.14) 1.32 (0.35) 0.74 (0.23) 5.26 (0.06) 

DE3 4.80 (0.19) 16.84 (0.88) 5.81 (1.29) 6.86 (0.97) 2.03 (0.74) 1.55 (0.01) 

KUI2007 7.80 (0.11) 27.68 (2.66) 10.16 (1.48) 11.48 (0.40) 1.20 (0.24) 3.75 (0.29) 

NC300 2.60 (0.50) 5.69 (0.38) 4.7 (0.02) 2.42 (0.40) 0.94 (0.19) 2.17 (0.12) 

SD44 2.16 (0.11) 7.30 (0.11) 6.52 (1.18) 3.37 (0.50) 2.37 (0.46) 1.46 (0.12) 

TZI18 11.72 (0.48) 24.43 (3.30) 8.11 (1.13) 5.69 (0.10) 3.98 (0.40) 0.59 (0.13) 

 

Table S3.  Transcript levels in developing endosperm from diverse maize lines. Transcripts were 

measured quantitatively from endosperm collected at the indicated DAP. Parentheses show SD, 

standard deviation. Quantitative RT-PCR was performed using gene specific primers (Table S2) and 

normalized to actin, as previously described (Li et al., 2008a). Values are expressed as the mean of 

three RT-PCR replicates +/- standard deviation.  
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Table S4.  Transcript levels of ZEP genes in developing endosperm from diverse maize 

lines. Transcripts were measured quantitatively from endosperm collected at the indicated DAP. 

Parentheses show SD, standard deviation. Quantitative RT-PCR was performed using gene 

specific primers (Table S2) and normalized to actin, as previously described (Li et al., 2008a). 

Values are expressed as the mean of three RT-PCR replicates +/- standard deviation.  

 

  

 

 

 

 

 Relative transcript levels of ZEP1 and ZEP2  (SD) 

 20 DAP 25 DAP 

 ZEP 1 ZEP2 ZEP1 ZEP2 

A619 0.67 (0.10) 1.30 (0.29) 0.32 (0.01) 0.53 (0.07) 

B73 0.40 (0.03) 1.45 (0.24) 0.09 (0.03) 0.94 (0.22) 

B37 0.51 (0.21) 0.88 (0.22) 0.22 (0.03) 0.27 (0.01) 

CI7 0.75 (0.00) 1.12 (0.01) 0.09 (0.02) 0.18 (0.05) 

C131A 0.94 (0.37) 1.06 (0.37) 0.46 0.05) 0.89 (0.09) 

DE3 0.40 (0.06) 0.96 (0.17) 0.02 (0.01) 0.62 (0.00) 

KUI2007 0.04 (0.02) 0.05 (0.00) 0.14 (0.00) 0.56 (0.04) 

NC300 0.66 (0.26) 1.41 (0.21) 0.84 (0.05) 1.11 (0.07) 

SD44 0.63 (0.16) 1.15 (0.14) 0.79 (0.19) 0.97 (0.25) 

TZI18 0.34 (0.08) 0.41(0.13) 0.07 (0.01) 0.16 (0.02) 
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OsDXS3    : MGGRYLHSPPAVNLICEESTFVRSTSCCLHSCLCLRCKTSNLKPCRTLVFNMPSRRFNRRVAALPD---VDD---FFWEKDPTPILDTIDAPIHLKNLSSKELKQLAGEVRSEISFIMSRKCQPCN-TGHSVVELAIAIH 

SbDXS3    : MDTAFLRPPLARNLVYDEFAVLHPTSYPFHTLRYLRCNPMYSRPLLTTSPASPSRGLTQRMAALPD---VDD---FFWEKDPTPILDTIDAPIHLKNLSSKELKQLADEVRSEIAFIMSRKCQPCG-PGRSVVELTIAIH 

ZmDXS3    : MDTAFLSPPLARNLVYDEFAVLHPTSYPFHTLRYLRCNPMYSRPLLTIAPASPSRGLIQRVAALPD---VDD---FFWEKDPTPILDTIDAPIHLKNLSSKELKQLADEVRSEIAFIMSRKCQPCG-ADRSVVELTIAIH 

OsDXS2    : MALQASSS-PSMFRAIPTNTNASCRRKLQVRASAAAAAAN----GGGDGKVMMRK------EAAS---GAWKIDYS-GEKPATPLLDTVNYPVHMKNLSTPELEQLAAELRAEIVHTVSKTGGHLS-SSLGVVELAVALH 

SbDXS2    : MALQASSS-PSAFRAVTATANASCRRQFQVRAQVAGGSSSSSVGADGAGKMMFSKAEPAAAATSSGSSGPWKIDFTSGEKPATPLLDTVNYPLHMKNLSTSELEQLAAELRAEIVHTVSKTGGHLS-SSLGVVELSVALH 

ZmDXS2    : MALQASSSSPSAFRAVPATANASCRRQFQVRAQVAGGSSSSSIGADGG-KMMVSK-EPAAAATSS---GPWKIDFS-GEKPPTPLLDTVNYPLHMKNLSILELEQLAAELRAEVVHTVSKTGGHLS-SSLGVVELSVALH 

OsDXS1    : -------MALTTFSISRGGFVGALPQ-EGHFAPAAAELSLHKLQS-RPHKAR-RRSSSSISASLS---TEREAAEYHSQRPPTPLLDTVNYPIHMKNLSLKELQQLADELRSDVIFHVSKTGGHLG-SSLGVVELTVALH 

SbDXS1    : ------MALWTTFSVPRG-FLAVPAHHDSHFASAVEQLHGHKLLQARPLRPRRHHRPACVSASLS---PERE-AEYYSQRPPTPLLDTINYPVHMKNLSVKELRQLADELRSDVIFHVSKTGGHLG-SSLGVVELTVALH 

ZmDXS1    : -------MALSTFSVPRG-FLGVPAQ-DSHFASAVE-LHVNKLLQARPINLKPRRRPACVSASLS---SERE-AEYYSQRPPTPLLDTINYPVHMKNLSVKELRQLADELRSDVIFHVSKTGGHLG-SSLGVVELTVALH 

                                                                                                                                                         

OsDXS3    : YVFNAPMDKILWDAGQHTYAHKILTGRRSLFHTIKQRKGLSGFTSRFESEYDPFGAGHGCNSLSAGLGMAVARDLGGRKNRIVTVISNWTTMAGQVYEAMGHAGFLDSNMVVILNDSRHTLLPKADSQ-SKMSINALSSA 

SbDXS3    : YVFNAPMDKILWDAGQHAYAHKILTGRRSQFHTIKQKNGLSGFTSRFESEYDPFGAGHGCNSLSAGLGMAVARDINGRKNRIVTVISNWTTMAGQVYEAMGHAGFLDSNMVVILNDSCHTLLPKADGR-PKMSVNAFSSA 

ZmDXS3    : YVFNAPMDKILWDAGQHAYAHKILTGRRSLFHTITQKNGLSGFTSRFESEYDPFGAGHGCNSLSAGLGMAVARDINGRKNRIVTVISNWTTMAGQVYEAMGHAGFLDSNMVVILNDSCHTLLPKADGG-AKMSVNAFSSA 

OsDXS2    : HVFDTPEDKIIWDVGHQAYPHKILTGRRSRMHTIRQTSGLAGFPKRDESAHDAFGAGHSSTSISAALGMAVARDLLGKKNHVISVIGDGAMTAGQAYEAMNNSGYLDSNMIVVLNDNKQVSLPTATLDGPATPVGALSKA 

SbDXS2    : HVFDTPDDKIIWDVGHQAYGHKILTGRRSRMHTIRQTSGLAGFPKRDESAHDAFGVGHSSTSISAALGMAVARDLLGRKNHVVSVIGDGAMTAGQAYEAMNNSGFLDANMIVVLNDNKQVSLPTATLDGPSKPVGALSRA 

ZmDXS2    : HVFDTPEDKIIWDVGHQAYPHKILTGRRSRMHTIRQTSGLAGFPKRDESAHDAFGVGHSSTSISAALGMAVARDLLGRKNHVISVIGDGAMTAGQAYEAMNNSGYLDANMIVVLNDNKQVSLPTATLDGPSKPVGALSRA 

OsDXS1    : YVFNTPQDKILWDVGHQSYPHKILTGRRDKMPTMRQTNGLSGFTKRSESEYDSFGTGHSSTTISAALGMAVGRDLKGGKNNVVAVIGDGAMTAGQAYEAMNNAGYLDSDMIVILNDNKQVSLPTATLDGPAPPVGALSSA 

SbDXS1    : YVFNAPQDRILWDVGHQSYPHKILTGRRDKMPTMRQTNGLAGFTKRAESEYDSFGTGHSSTTISAALGMAVGRDLKGGKNNVVAVIGDGAMTAGQAYEAMNNAGYLDSDMIVILNDNKQVSLPTATLDGPVPPVGALSSA 

ZmDXS1    : YVFNAPQDRILWDVGHQSYPHKILTGRRDKMPTMRQTNGLAGFTKRAESEYDSFGTGHSSTTISAALGMAVGRDLKGGKNNVVAVIGDGAMTAGQAYEAMNNAGYLDSDMIVILNDNKQVSLPTATLDGPVPPVGALSSA                                                                                                                                                         

                                                                                                                                                         

OsDXS3    : LSKVQSSKGFRKFREAAKGLSKWFGKGMHEFAAKIDEYARGMIGPHGATLFEELGLYYIGPIDGNNIDDLICVLKEVSTLDSTGPVLVHVITENEKDSGGEFNSEITPDEEGPPDSSQDILKFLENG-LSRTYNDCFVES 

SbDXS3    : LSKIQSSKGFRRFREAAKGLAKWFGKGMHEFAAKVDEYARGMIGPHGATLFEELGLYYIGPIDGRNIDDLICVLKEVASLDSTGPVLVHVITGTESDTDGNIRSEITASEEGPSNSSNDLLKFLETG-LSRTYNDCFVEA 

ZmDXS3    : LSKIQSSKGFRRFREAAKGLAKWFGKGMHEFAAKVDEYARGMIGPHGATLFEELGLYYIGPIDGRNIDDLICVLKEVASLDSTGPVLVHVITGTENDTGGIIGSEINAVEEGPSNSSPDLLKFLGTG-LSRTYNDCFVEA 

OsDXS2    : LTKLQSSTKLRRLREAAKTVTKQIGGQAHEVAAKVDEYARGMVSASGSTLFEELGLYYIGPVDGHSVDDLVAIFNKVKSMPAPGPVLVHIVTE--KGKGYPPAEAAADRMHGVVKFDPTTGRQFKSKCSTLSYTQYFAEA 

SbDXS2    : LTKLQSSTKFRRLREAAKSVTKQIGGPTHEVAAKVDEYARGMMSASGSSLFEELGLYYIGPVDGHSVEDLVTIFEKVKSMPAPGPVLIHVVTE--KGKGYPPAEAAADRMHGVVKFEPSTGKQLKSKSSTLSYTQYFAES 

ZmDXS2    : LTKLQSSTKFRRLREAAKSVTKQIGGPTHEVAAKVDEYARGMISASGSSLFEELGLYYIGPVDGHCVEDLVTIFEKVKSMPAPGPVLIHIVTE--KGKGYPPAEAAADRMHGVVKFEPATGRQLKSKSPTLSYTQYFAES 

OsDXS1    : LSKLQSSRPLRELREVAKGVTKQIGGSVHELAAKVDEYARGMISGSGSTLFEELGLYYIGPVDGHNIDDLITILREVKSTKTTGPVLIHVVTE--KGRGYPYAERAADKYHGVAKFDPATGKQFKSPAKTLSYTNYFAEA 

SbDXS1    : LSKLQSSRPLRELREVAKGVTKQIGGSVHELAAKVDEYARGMISGPGSSLFEELGLYYIGPVDGHNIDDLITILNDVKSTKTTGPVLIHVVTE--KGRGYPYAERAADKYHGVAKFDPATGKQFKSPAKTLSYTNYFAES 

ZmDXS1    : LSKLQSSRPLRELREVAKGVTKQIGGSVHELAAKVDEYARGMISGPGSSLFEELGLYYIGPVDGHNIDDLITILNDVKSTKTTGPVLIHVVTE--KGRGYPYAERAADKYHGVAKFDPATGKQFKSPAKTLSYTNYFAEA 

                                                                                                                                                                                                                                                                                                                 

OsDXS3    : LIAEAENDKHIVVVHGGMGIDRSIQLFQSRFPDRFFDLGIAEQHAVTFSAGLACGGLKPFCIIPSTFLQRAYDQIVEDVDMQKIPVRFAITSAGLVGSEGPTNSGPFDITFMSCLPNMIVMSPSNEDELIDMVATAAMVE 

SbDXS3    : LTAEAENDKRIVVVHGGMGMDRSLRLFQSRFPDRFFDLGIAEQHAVTFSAGLACGGLKPFCIIPSTFLQRAYDQIVEDVDMQKIPVRFAITNAGLVGSEGPTNSGPFDITFMSCLPNMIVMSPSNEDELIDMVATAAMIE 

ZmDXS3    : LTAEAENDKRIVVVHGGMGIDRSLRLFQSRFPDRFFDLGIAEQHAVTFSAGLACGGLKPFCIIPSTFLQRAYDQIIEDVDMQKIPVRFAITNAGLVGSEGPTNSGPFDITFMSCLPNMIVMSPSNEDELIDMVATAAMIE 

OsDXS2    : LIREAEADDKVVGIHAAMGGGTGLNYFHKRFPERCFDVGIAEQHAVTFAAGLAAEGLKPFCAIYSSFLQRGYDQVVHDVDLQRLPVRFAMDRAGLVGADGPTHCGAFDVAYMACLPNMVVMAPADEAELMHMVATAAAID 

SbDXS2    : LIREADADDKVVAIHAAMGGGTGLNYFQKRFPERCFDVGIAEQHAVTFAAGLAAEGLKPFCAIYSSFLQRGYDQVVHDVDLQRLPVRFALDRAGLVGADGPTHCGAFDVTYMACLPNMVVMAPADEAELMHMVATAAAID 

ZmDXS2    : LIREAESDEKVVAIHAAMGGGTGLNYFQKRFPERCFDVGIAEQHAVTFAAGLAAEGLKPFCAIYSSFLQRGYDQVVHDVDLQRLPVRFALDRAGLVGADGPTHCGAFDVAYMACLPNMVVMAPADEAELMHMVATAAAID 

OsDXS1    : LIAEAEQDNRVVAIHAAMGGGTGLNYFLRRFPNRCFDVGIAEQHAVTFAAGLACEGLKPFCAIYSSFLQRGYDQVVHDVDLQKLPVRFAMDRAGLVGADGPTHCGAFDVTYMACLPNMVVMAPSDEAELCHMVATAAAID 

SbDXS1    : LIAEAEQDSKIVAIHAAMGGGTGLNYFLRRFPSRCFDVGIAEQHAVTFAAGLACEGLKPFCAIYSSFLQRGYDQVVHDVDLQKLPVRFAMDRAGLVGADGPTHCGAFDVAYMACLPNMVVMAPSDEAELCHMVATAAAID 

ZmDXS1    : LIAEAEQDSKIVAIHAAMGGGTGLNYFLRRFPSRCFDVGIAEQHAVTFAAGLACEGLKPFCAIYSSFLQRGYDQVVHDVDLQKLPVRFAMDRAGLVGADGPTHCAAFDVAYMACLPNMVVMAPSDEAELCHMVATAAAID 

                                                                                                                                                                                                                                                                                                                 

OsDXS3    : DRPICFRYPKGAIVGTSG-TLAYGNPLEIGKGEILAEG-KEIAFLGYGDVVQRCLIARSLLFNFGIQATVANARFCKPLDIDLIRMLCQQHDFLITVEEGTVGGFGSHVSQFISLDGLLDGKIKWRPIVLPDRYIEHASL 

SbDXS3    : DKPICFRYPRGAIVGTSG-TLTYGNPLEIGKGEILVEG-KEIAFLGYGEVVQRCLIARSLLSNFGIQATVANARFCKPLDIDLIRTLCQQHSFLITVEEGTVGGFGSHVSQFISLDGLLDGRIKWRPIVLPDRYIEHASL 

ZmDXS3    : DRPICFRYPRGAIVGTSG-SVTYGNPFEIGKGEILVEG-KEIAFLGYGEVVQRCLIARSLLSNFGIQATVANARFCKPLDIDLIRTLCQQHSFLITVEEGTVGGFGSHVSQFISLDGLLDGRTKWRPIVLPDRYIEHASL 

OsDXS2    : DRPSCFRFPRGNGIGAVLPPNHKGTPLEVGKGRVLVGG-NRVALLGYGTMVQACMKAAEALKEHGIYVTVADARFCKPLDTGLIRELAAEHEVLVTVEEGSIGGFGSHVAHYLSLSGLLDGPLKLRSMFLPDRYIDHGAP 

SbDXS2    : DRPSCFRFPRGNGVGAVLPAGNKGTPMEVGRGRVLVGG-NRVALLGYGTMVQACLKAAEALKEQDVYVTVADARFCKPLDTGLIRELAAEHEVLITAEEGSIGGFGSHVAHYLSLTGLLDGPLKLRSMFLPDRYIDHGAP 

ZmDXS2    : DRPSCFRFPRGNGVGAALPPGNKGVALEVGRGRVLVGGGTRVALLGYGAMVQACLKAAEALKEHDVYVTAADARFCKPLDTALIRELAAEHEVLITAEEGSIGGFGSHVAHYLSLTGLLDGPLKLRSMFLPDRYIDHGAP 

OsDXS1    : DRPSCFRYPRGNGIGVPLPPNYKGVPLEVGKGRVLLEG-ERVALLGYGSAVQYCLAAASLVERHGLKVTVADARFCKPLDQTLIRRLASSHEVLLTVEEGSIGGFGSHVAQFMALDGLLDGKLKWRPLVLPDRYIDHGSP 

SbDXS1    : DRPSCFRYPRGNGIGVPLPPNYKGTPLEVGKGRILMEG-DRVALLGYGSAVQYCLAAASLVERHGLRVTVADARFCKPLDHALIRSLARSHEVIITVEEGSIGGFGSHVAQFMALDGLLDGKLKWRPLVLPDRYIDHGSP 

ZmDXS1    : DRPSCFRYPRGNGVGVPLPPNYKGTPLEVGKGRILLEG-DRVALLGYGSAVQYCLTAASLVQRHGLKVTVADARFCKPLDHALIRSLAKSHEVLITVEEGSIGGFGSHVAQFMALDGLLDGKLKWRPLVLPDRYIDHGSP 

                                                                                                                                                                                                          

OsDXS3    : TEQLDMAGLTAHHIAATALTLLGRHRDALLLMK---- (722) 

SbDXS3    : AEQLDLAGLTAHHIAATALTLLGRHRDALLLMK---- (722) 

ZmDXS3    : AEQLDLAGLTAHHIAATALTLLGRHRDALLLMK---- (722) 

OsDXS2    : VDQLEEAGLTPRHIAATVLSLLGRPLEALQLS----- (713) 

SbDXS2    : QDQMEEAGLTPRHIAATVLSLLGRPMEAMQLK----- (727) 

ZmDXS2    : QDQIEEAGLTPRHIAATVLSLLGRPLEAMQLK----- (723) 

OsDXS1    : ADQLAEAGLTPSHIAATVFNVLGQAREALAIMTVPNA (720) 

SbDXS1    : ADQLAEAGLTPSHIAATVFNILGQNREALAIMAVPNA (722) 

ZmDXS1    : ADQLAEAGLTPSHIAASVFNILGQNREALAIMAVPNA (719) 

Figure S1 Multiple-alignment of DXS proteins. Amino acid sequences across available grass species (Zea mays, Zm; Oryza sativa, Os; Sorghum bicolor, Sb) were used to show the sequence signatures of transketolase 

and DXS enzymes (Rodriguez-Concepcion et al., 2003). These include thiamine di-phosphate binding domain (underlined red) and two transketolase motifs (underlined blue), with HIS residue for activity (blue triangle). 
Total number of aminoacids were marked at the end of each sequence in blue. The variant N-terminal amino acid sequence includes the transit peptide region. For sequence accessions, see Table S1. 
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ZmGGPPS1 : ...MAMSFHFHPLAASRVHFSPLPFAAAAGAPSPSSSVAIAAHHQHG.RRRFSAIVATAAAASAATTEFDFKAYMGERAV 

ZmGGPPS2 : .....MAFHFHPLVASRVHFSPLPFAAATGAPSPSSSVAIAAHYHHHGRRRFSAIVATAT.....TTEFNFKAYMEERAV 

ZmGGPPS3 : MNKLASCFLQHGAPHTQIFKSYHVQRSPSLQLLENRSVSMTRHRAADRAARGTIVDVAVDSG....TSFDFESYLSAKAR 

                                                                                            

ZmGGPPS1 : AVNRALDAAVPAGEPPAALHDAMRYALLAGGKRVRPALCLAACAVVGGPEPWAMPAAAAVEMVHTMSLVHDDLPCMDDDD 

ZmGGPPS2 : AVNRALDAAIPAGGLPAALHDAMRYALLAGGKRVRPALCLAACAVVGGPESWAMPAAAAVEMVHTMSLVHDDLPCMDDDD 

ZmGGPPS3 : AVHDALDLTLQGLRCPEVLSESMRYSVLAGGKRLRPVLAIAACELVGGTAAAAVPVACAVEMIHTASLIHDDMPCMDDDA 

                                                  (I)                                                                                                                                     

ZmGGPPS1 : LRRGKPTCHVVYGEPIAVLAGDALLSLSFHHMASVGSYPPDVDPEKHPARVVRAIGELARCIGSEGLVAGQVVDLEMTGT 

ZmGGPPS2 : LRRGKPTCHVVYGEPIAVLAGDALLSLSFHHMASVGSYPPAVDPEKHPARVVRAIGELARCIGSEGLVAGQVVDLEMTGT 

ZmGGPPS3 : LRRGRPSNHVAFGEPTALLAGDALLALAFEHVARG.....SAGAGVPADRALRAVVELGSVAGVGGIAAGQVADMASEGA 

                   (II)                  (III)                                       (IV)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

ZmGGPPS1 : .SETVPLERLEYIHLHKTAALLEASVVIGAIIGGGTDEQIERLRKYARSIGLLFQVVDDILDVTKSSEELGKTAGKDLAS 

ZmGGPPS2 : .SQTVPLELLEYIHLHKTAALLEASVVIGAIIGGGTDEQIEALRKYARSIGLLFQVVDDILDVTKSSEELGKTAGKDLAS 

ZmGGPPS3 : PSGSVSLGALEYIHVHKTARLVEAAAVSGAVVGGGGDGEVERVRRYAHFLGLLGQVVDDVLDVTGTSEQLGKTAGKDVAA 

                                  (V)                                                   (VI)                                                                      

ZmGGPPS1 : DKTTYPKLLGLEKSREFAEELLSDAVEQLACFDKEKAAPLLHLANYIAHRQN 

ZmGGPPS2 : DKTTYPKLLGLAKSREFAEKLVSDATEQLACFDEEKAAPLLHLANYIAHRQN 

ZmGGPPS3 : GKATYPRLMGLKGARAYMGELLAKAEAELDGLDAARTAPLRHLARFMAHRQH 

                                                             (VII)  

 

 

 

 

 

 

 

 

Figure S2.  GGPPS proteins of maize. Blue lines indicate seven conserved domains among 

GGPPS gene family proteins that are highly conserved among prenyl diphosphate synthases with 

two Asp-rich motifs for substrate binding (domains II and VI) (Okada et al., 2000). Accession 

numbers: ZmGGPPS1, EF417573; ZmGGPPS2, EF417574; ZmGGPPS3, EF417575.  
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Figure S3. Functional complementation of GGPPS1 and GGPPS2 from maize. E. coli cells 

were transformed with A, pACCAR25 (for zeaxanthin accumulation); B, pACCAR25ΔcrtE 

(missing bacterial GGPPS)+ pET23a (empty vector); C, pACCAR25ΔcrtE + maize GGPPS1; D, 

pACCAR25ΔcrtE + maize GGPPS2. Chromatograms show HPLC separation of extracted 

pigments; inset in A shows spectral fine structure for the pathway end product, zeaxanthin 

diglucoside. 
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AtCrtISO  : MDLCFQNPVKCGDRLFSALNTSTYYKLGTSNLGFNGPVLENRKKKKKLPRMVTVKSVSSSVVASTVQGTKRDGG---ESL 

OsCrtISO  : ----MPLLLLAAARPCAPLLAPSAAGAVVGRPSTARPLGRGTRRGAGAAAAAAVAAEKTVVKAEEEEEGG--------GE 

SbCrtISO  : -------MPPLAARVHAPILLAP---VAP-HPATRLCASSGPRGGVGGFRRGALASEKPQAVAVAEKAGGEVGGGEGEGP 

ZmCrtISO1 : -------MPPLAARLHAPLLLVP---AASPRPATRLCAASGPRG-VGGFRRGALASEKPPVVAVAEKAGGEGGGGQGEGP 

ZmCrtISO2 : -------MPPLAARLYAPLNLAPAVPAASLRPATRLCAASGPRN-VGGFRRGALA*EKAAAVAVAEKAGGEGGGGEDEGP 

                                                                                                                                                                                         

AtCrtISO  : YDAIVIGSGIGGLVAATQLAVKEARVLVLEKYLIPGGSSGFYERDGYTFDVGSSVMFGFSDKGNLNLITQALKAVGRKME 

OsCrtISO  : YDAIVVGSGIGGMVAATQLAAKGARVLVLEKYVIPGGSSGYYRRDGFTFDVGSSVMFGFSDKGNLNLITQALEAVGHKME 

SbCrtISO  : YDAIVIGSGIGGLVAATQLAAKGARVLVLEKYLIPGGSSGYYRRDGFTFDVGSSVMFGFSDKGNLNLITQALEAVGRKME 

ZmCrtISO1 : YDAIVIGSGIGGLVAATQLAAKGARVLVLEKYLIPGGSSGYYRRDGFTFDVGSSVMFGFSDKGNLNLITQALEAVGRKME 

ZmCrtISO2 : YDAIVIGSGIGGLVAATQLAAKGARVLVLEKYLIPGGSSGYYRRDGFTFDVGSSVMFGFSDKGNLNLITQALEAVGRKMR 

                                                                                                                                                                                         

AtCrtISO  : VIPDPTTVHFHLPNNLSVRIHREYDDFIAELTSKFPHEKEGILGFYGDCWKIFNSLNSLELKSLEEPIYLFGQFFQKPLE 

OsCrtISO  : VIPDPSTVHFHLPGDLSVLVHREYDDFVTELVNKFPHEKEGILKFYGTCWKIFNSLNSLELKSLEEPLYLFGQFFQKPLE 

SbCrtISO  : VLPDPSTVHFHLPGDLSVLVHRKYEDFINELISKFPHEKEGILKFYDTCWKIFNSLNSLELKSLEEPLYLFGQFFQKPLE 

ZmCrtISO1 : VLPDPSTVHFHLPGDLSVLVHRKYEDFINELISKFPHEKEGIIKFYGTCWKIFNSLNSLELKSLEEPLYLFGQFFQKPLE 

ZmCrtISO2 : VLPDPSTVHFHLPGDLSVLVHRKYEDFINELVSKFPHEKEGILKFYDTCWTIFNSLNSLELKSLEEPLYLFRQFFQKPRE 

                                                                                                                                                                                         

AtCrtISO  : CLTLAYYLPQNAGAIARKYIKDPQLLSFIDAECFIVSTVNALQTPMINASMVLCDRHYGGINYPVGGVGGIAKSLAEGLV 

OsCrtISO  : CLTLAYYLPQNAGDIARKFIKDQQLLSFIDAECFIVSTVNALQTPMINASMVLCDRHFGGINYPVGGVGGIAMSLADGLV 

SbCrtISO  : CLTLAYYLPQNAGDIARKFIKDQELLSFIDAECFIVSTVNALQTPMINASMVLCDRHFGGINYPVGGVGGIAISLADGLV 

ZmCrtISO1 : CLTLAYYLPQNAGDIARKFIKDQELLSFIDAECFIVSTVNALQTPMINASMVLCDRHFGGINYPVGGVGGIALSLADGLV 

ZmCrtISO2 : CLTLAYYLPQNAGDIARKFIKDQELLSFIDAECFIVSTVNALQTPMINASMVLCDRHFGGINYPVGGVGGIAISLADGLV 

                                                                                                                                                                                         

AtCrtISO  : DQGSEIQYKANVKSIILDHGKAVGVRLADGREFFAKTIISNATRWDTFGKLLKGEKLPKEEENFQKVYVKAPSFLSIHMG 

OsCrtISO  : DKGSEIRYKANVTNVILENGKAVGVRLSNGKEFFAKTVISNATRWDTFGKLLKVEELPEEEKNFQKNYVKAPSFLSIHMG 

SbCrtISO  : EKGSEIRYKANVTNVILENGKAVGVRLSNGKEFFAKTVISNATRWDTFGKLLKEKELPEEEKNFQKNYVKAPSFLSIHMG 

ZmCrtISO1 : EKGSEIRYKANVTNVVLENGKAVGVRLSNGKEFFAKTVISNATRWDTFGKLLKEKELPEEEKNFQKNYVKAPSFLSIHMG 

ZmCrtISO2 : EKGSEIRYKANVTNVILENGKAVGVRLSNGKEFFAKTVISNATRWDTFGKLVK-EELPEEEKNFQKNYVKAPSFLSIHMG 

                                                                                                                                                                                         

AtCrtISO  : VKAEVLPPDTDCHHFVLEDDWKNLEEPYGSIFLSIPTILDSSLAPDGRHILHIFTTSSIEDWEGLPPKEYEAKKEDVAAR 

OsCrtISO  : VKASVLPADTDCHHFVLEDDWANLEKPYGSIFLSIPTVLDPSLAPEGHHILHIFTTAGIEDWEGLSRKDYEKKKELVATE 

SbCrtISO  : VKASVLPAGTDCHHFVLEDNWNNLEKSYGSIFLSIPTVLDPSLAPEGHHILHVFTTAGIEDWEGLSRKEYEEKKEEVANE 

ZmCrtISO1 : VKASVLPAGTDCHHFVLEDNWNNLEKPYGSIFLSIPTVLDPSLAPEGHHILHIFTTAGIEAWEGISRKEYEEKKEMVANE 

ZmCrtISO2 : VKASVLPAGTDCHHFILEDNWNNLEKPYGSIFLSIPTVLDPSLAPEGHHILHIFTTAGIEDWEGLSRKEYEEKKEVVANE 

                                                                                                                                                                                         

AtCrtISO  : IIQRLEKKLFPGLSSSITFKEVGTPRTHRRFLARDKGTYGPMPRGTPKGLLGMPFNTTAIDGLYCVGDSCFPGQGVIAVA 

OsCrtISO  : IIKRLEKKLFPGLQDSIVLKEVGSPKTHRRFLARNDGTYGPMPRGKPKGLLAMPFNTTSIDGLYCVGDSCFPGQGVIAVA 

SbCrtISO  : IIRRLEKKLFPGLQDSIVLKEVGSPKTHRRFLARNDGTYGPMPRGKPKGLLAMPFNTTSIDGLYCVGDSCFPGQGVIAVA 

ZmCrtISO1 : IIRRLEKKLFPGLQDSIVLKEVGSPKTHRRFLARNDGTYGPMPRGKPKGLLAMPFNTTSIDGLYCVGDSCFPGQGVIAVA 

ZmCrtISO2 : IIRRLEKKLFPGLQDSIVLKEVGSPKTHRRFLARNDGTYGPMPRGKPKGLLAMPFNTTSIDGLYCVGDSCFPGQGVIAVA 

                                                                                                                                                

AtCrtISO  : FSGVMCAHRVAADIGLEKKSRVLDVGLLGLLGWLRTLA(595) 

OsCrtISO  : FSGIMCAHRVAADIGLEQRSPVLDAGLLGLLRWLRTLA(586) 

SbCrtISO  : FSGIMCAHRVAADIGLEQKSPVLDAGLLGLLRWFRTLA(588) 

ZmCrtISO1 : FSGIMCAHRVAADIGLEQKSPALDAGLLGLLRWLRTLA(587) 

ZmCrtISO2 : FSGIMCAHRVAADIGLEQKSPVLDAGLLGLLRWLRTLA(588) 

                                                    

  
 

Figure S4. Multiple-alignment of CrtISO protein sequences. Amino acid sequences across 

available grass species (Zea mays, Zm; Oryza sativa, Os; Sorghum bicolor, Sb) and Arabidopsis 

thaliana (At) were used. Total number of amino acids were marked at the end of each sequence in 

blue. Accession numbers: AtCrtISO, At1g06820; OsCrtISO, LOC_Os11g36440; SbCrtSO, 

Sb05g022240; ZmCrtISO1, AC218991; ZmCrtISO2, AC183901. 
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OsZEP  : --------------MAPLPSSSS-TRATSLVAIPGASCPHGQAQRLLAFR---PPRRGSQWRGLCVSRGRHGATVAMAMPAAQAAG-RRARVLVAGGGIGGLVFALAAKRKGFEVVVLERDMSAVRGEGKYRGPIQLQSN 

ZmZEP1 : MPTVLSTRRAASPETISLPSSRS-SHSRTASPLHPVSRGN-RALRLLAALRSPSAPRPRLRRRPGLPPARAGLAAAAAMPAPET----KARILVAGGGIGGLVFALAARRKGFEVLVLERDVSAVRGEGRYRGPIQLQSN 

SbZEP  : MPATLSTTRAP-PRATSLPSSR---ASQTAILRHPVSRRN-RALRLLALP-SPSAPRQRRSRPGLLPPARAGLVATAAMPPAAPEPERKARVLVAGGGIGGLVFALAARRKGFEVLVLERDMSAVRGEGRYRGPIQLQSN 

ZmZEP2 : ---MLSTTWAS-PKATPIPSSP---ASQTATRLHPASSSN-RTLRLVALP-SPSAPRRRR-RPGLPPPARAGLVATAAMPAPEP----KARVLVAGGGIGGLAFALAAKRKGFEVLVLERDMSAVRGEGRYRGPIQLQSN 

                                                                                                                                                                                                                                                                                                            

OsZEP  : ALAVLEAVDAGAADQVMDAGCITGNRVNGIVDGVSGSWYIKFDTFTPAAERGLPVTRVISRMTLQQILARAVGDDAILNDSHVVDFIDDGNKVTAILEDGRKFEGDLLVGADGIWSKVRKVLFGQSEATYSEYTCYTGIA 

ZmZEP1 : ALAALEAVDAAAADEVMDAGCVTGDRVNGIVDGVSGSWYIKFDTFTPAAERGLPVTRVISRMTLQQILARAVGDDAILNGSHVVDFTDDGSKVTAILEDGRIFEGDLLVGADGIWSKVRKTLFGHSDATYSGYTCYTGIA 

SbZEP  : ALAALEAVDAAAADEIMDAGCVTGDRVNGIVDGVSGSWYIKFDTFTPAAERGLPVTRVISRMTLQQILARAVGDDAILNGSHVVDFIDDGSKVTAILEDGRKFEGDLLVGADGIWSKVRKTLFGHSDATYSGYTCYTGIA 

ZmZEP2 : ALAALEAVDAAAADEIMDSGCVTGDRVNGIVDGVSGSWYIKFDTFTPAAERGLPVTRVISRMTLQQILARAVGDDAILNGSHVVDFIDDGSKVTAILEDGRKFEGDLLVGADGIWSKVRKTLFGHSDATYSGYTCYTGIA 

                                                                                                                                                                                                                                                                                                           

OsZEP  : DFVPPDIDTVGYRVFLGHKQYFVSSDVGAGKMQWYAFHKEPAGGTDPENGKNKRLLEIFNGWCDNVVDLINATDEEAILRRDIYDRPPTFNWGKGRVTLLGDSVHAMQPNLGQGGCMAIEDGYQLAVELEKSWQESAKSG 

ZmZEP1 : DFVPPDIDTVGYRVFLGHKQYFVSSDVGAGKMQWYAFHKEEAGGTDPENGKKKRLLEIFDGWCDNVIDLVNATDEEAILRRDIYDRPPTINWGKGRVTLLGDSVHAMQPNLGQGGCMAIEDGYQLAVELENAWQESVKTG 

SbZEP  : DFVPPDIDTVGYRVFLGHKQYFVSSDVGAGKMQWYAFHNEEAGGTDPENGKKKRLLEIFDGWCDNVVDLINATDEEAVLRRDIYDRPPTINWGKGRVTLLGDSVHAMQPNLGQGGCMAIEDGYQLAVELENAWQESVKTE 

ZmZEP2 : DFVPPDIDTVGYRVFLGHKQYFVSSDVGAGKMQWYAFHNEEAGGTDPENGKKKKLLEIFDGWCDNVIDLINATDEEAVLRRDIYDRPPTMNWRKGRVTLLGDSVHAMQPNLGQGGCMAIEDGYQLAVELENAWQESVKTE 

                                                                                                                                                      

OsZEP  : TPMDIVSSLRRYEKERILRVSVIHGLARMAAIMATTYRPYLGVGLGPLSFLTKLRIPHPGRVGGRFFIKYGMPLMLSWVLGGNSTKLEGRPLSCRLSDKANDQLRRWFEDDDALEQAMGGEWYLLPTSSGDSQ----PIR 

ZmZEP1 : TPMDIVSSLRRYEKERRVRVAVIHGLARMAAIMATTYRPYLGVGLGPLSFLTKLRIPHPGRVGGRFFIKYGMPAMLSWVLGGNSSKLEGRPLSCRLSDKAHDELYRWFDDDDALEQAMGGEWYLFATSEANNNSLQQPIR 

SbZEP  : TPMDIVSSLRRYEKERRLRVAVIHGLARMAAIMATTYRPYLGVGLGPLSFLTKLRIPHPGRVGGRFFIKYGMPAMLSWVLGGNSSKLEGRPLSCRLSDKANDQLYRWFEDDDALEQAMGGEWYLFPTSEGNSN-SFQPIR 

ZmZEP2 : TPIDIVSSLRRYEKERRLRVAIIHGLARMAAIMATTYRPYLGVGLGPLSFLTKLRIPHPGRVGGRFFIKYGMPTMLSWVLGGNSSKLEGRLLSCRLSDKANDQLYQWFEDDDALEEAMGGEWYLIATSEGNCN-SLQPIR 

                                                                                                                                                                                                                                                                                       

OsZEP  : LIRDEKKSLSIGSRSDPSNSTASLALPLPQISENHATITCKNKAFYVTDNGSEHGTWITDNEGRRYRVPPNFPVRFHPSDAIEFGSDKKAVFRVKVLSTLPYESARGGPQ-------ILQAA 

ZmZEP1 : LIRDEQRSLSVGSRSDANDSASSLSLPFPQISERHATITCKNKAFYLTDLGSEHGTWITDNEGRRYRVPPNFPVRFHPSDVIEFGSDKKAMFRVKVLNTLPYESARSGKQQGLQQEQVLQAA 

SbZEP  : LIRDEQRSLSVGSQSDPNDTDSSLSLPFPQISERHATITCKNKAFYLTDHGSEHGTWITDNEGRRYRVPPNFPVRFHPSDVIEFGSDKKAMFRVKVLNTLPYESARSGKQQGQQQQQVLQAA 

ZmZEP2 : LIRDEQRSLSVGSRSDANDSASSLSLPFPQISERHATITCKNKAFYLTDLGSEHGTWITDNEGRRYRVPPNFPVRFHPSDVIEFGSDKKAMFRVKVLNTLPYESARSGKQQGLQQEQVLQAA 

 

Figure S5. ZEP gene family structure. (A) Gene organizational structure showing paralogs and orthologs of the ZEP gene family in Zea mays 

(ZmZEP1, AZM5_13315; ZmZEP2, AZM5_13312); Oryza sativa (OsZEP, LOC_Os04g37619) and Sorghum bicolor (SbZEP, Sb06g018220) species 

representing two subfamilies of the Poaceae (grasses). Boxes and lines indicate exons and introns respectively, sizes for which are in base pairs (B) 

Multiple-alignment of ZEP paralogs in maize and orthologs from Oryza sativa (Os) and Sorghum bicolor (Sb). 
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